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it is generally agreed that the principal obstacle to successful organ transplantation 
today is of an immunological nature, as a consequence of the host's recognition of the 
presence of foreign cells, and of his response to this invasion through cellular and/or 
'tumoral pathways ordinarily triggered by infectious microorganisms (1). The tempo 
and  intensity of  this response parallel the  degree of  genetic or  antigenic disparity 
between donor and recipient; the closer the similarity between the two subjects, the 
more favorable will be the recipient's response to a  transplant from that particular 
donor (2,  3). This fact has stimulated a search for techniques capable of providing a 
guide to the selection of compatible subjects for organ transplantation. Such methods 
have included in vivo tests, such as the third man test (4-6), the normal lymphocyte 
transfer test (7, 8), and the irradiated hamster test (9), and in vitro tests such as the 
mixed lymphocyte culture test (10,  11)  and leukocyte grouping techniques  (12). In 
terms  of  their practicality and  rapidity of performance,  the  methods  of leukocyte 
typing, which are based upon reactions of blood leukocytes with antisera obtained 
from  multiparous  women  and  polytransfused patients  have  been  shown  to  have 
significant advantages over other techniques (13). 
Dausset's description of the first human leukocyte group (Mac) in 1958 (14) marked 
the beginning of a phase of intensive studies of other group antigens detectable on the 
surface of human leukocytes. Such antigens have been shown to be present not only 
on leukocytes, but also on platelets, and in most other human tissues (15), and it is 
now generally accepted that the HL-A system of leukocyte groups is the main system 
of histocompatibility in man (16). 
Recent genetic studies of the ItL-A system have resulted in the isolation of two 
* This work was supported by a grant from The John A. Hartford Foundation, Inc., by 
Grant AM-02215, from the National Institute of Arthritis and Metabolic Diseases, Bethesda, 
Md.  20014, and  by  Contract  AT  (30-1)-2005 from  the  United  States  Atomic Energy 
Commission,  and The Irwin Strasburger Memorial Medical Foundatiom 
Career Scientist of The Health Research Council of the City of New York, Contract 1-349. 
881 882  HISTOCOMPATIBILITY  STUDIES IN CLOSELY BRED DOGS 
loci  in  the  HL-A  chromosomal region,  determining  respectively antigens  HL-A1, 
HL-A2, HL-A3, Da  15,  Da 16  (Lc 11)  and I)a  17  at the first locus,  and antigens 
Da 4, HL-A5, HL-AT, HL-A8, Da 6 and Da 9 at the second locus (17). The antigens 
determined at each locus  have been shown  to occur as alternative alleles. 
An overwhelming mass of evidence  has accumulated during the past few years to 
demonstrate that the HL-A antigens are, in fact, transplantation antigens (18, 19), 
and that there is a significant correlation between the ratio of serologically detectable 
HL-A identities  to incompatibilities  at each locus and the duration of skin allograft 
survival in man (20). In spite of the recognized  deficiencies of typing methods, it has 
also been demonstrated that the long-term duration and quality of renal transplant 
survival in man are a function of the number of donor-recipient antigenic identities 
at the two known HL-A loci  (20, 21).  It must be noted, however,  that serological 
tissue  typing is still  at a comparatively early stage of development, and that many 
important questions  with regard to its exact role in human organ transplantation still 
remain unanswered.  Progress in the elucidation of such problems has been hampered 
significantly  by the fact that the clinical organ transplant situation includes a number 
of  variables which  inevitably obscure  the  interpretation  of  the  observed  results. 
Progress in studies of the comparative immunogenicity of the individual HL-A antigens 
in organ transplantation, and of the possible usefulness  of various different regimens 
of immunosuppressive drug therapy under specific donor-recipient histocompatibility 
situations  has  been  particularly  difficult.  Sakai,  Simonsen,  and  Jensen  (22) have 
recently highlighted  the need to extend studies of renal transplantation  to related 
large animals, such as canine siblings. Indeed, these authors indicate that it is oltly 
through this type of investigative effort that progress applicable to the clinical situa- 
tion may be made. For example, such studies may provide an answer to the question 
of whether long-term immunosuppressive therapy, and the hazards which it entails 
is actually necessary in leukocyte group-identical siblings. 
The colony of closely bred beagles recently described by Ferrebee,  Cannon, 
Mollen,  and St. John  (23)  appeared to provide a particularly useful source of 
experimental material for further studies  of the role of donor-recipient histo- 
compatibility as a determinant of the fate of renal allografts in the unmodified 
recipient  (i.e.,  a  recipient whose  immunological responsiveness has  not  been 
altered  by  preexisting  disease  or  immunosuppressive therapy).  The  present 
study describes the response of 49 littermate (i.e., siblings) and nonlittermate 
beagles  of known  leukocyte  (24)  and  erythrocyte group  phenotypes  (25)  to 
renal  allografts obtained from donors  selected on the basis of leukocyte and 
erythrocyte  group  compatibility  with  the  recipients.  The  survival  of  such 
allografts is  compared with  the behavior of 21  renal  allografts performed in 
randomly  selected  mongrel  dogs.  The  results  indicate  that  leukocyte  group 
compatibility exerts  a  potent  influence  upon  renal  allograft  survival  in  the 
unmodified  canine  host.  It must be noted,  however,  that  all  allografts  were 
eventually rejected,  including  those performed in siblings with no detectable 
leukocyte group  incompatibilities.  Selection  of  donors  and  recipients  on  the 
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study may  provide a  useful approach to the search for more satisfactory im- 
munosuppressive and/or tolerantogenic techniques for the facilitation of renal 
allograft  survival.  It  may  also  permit  further  studies  of  the  comparative 
immunogenicity of the major transplantable organs. 
Materials and Methods 
Selection of Experimental Animals.--A closely bred colony of beagles of known leukocyte 
group phenotypes (24) served as the source of animals. Male and female dogs, weighing 18-25 
lb, were maintained on a standard diet. Donor-recipient pairs for kidney transplantation  were 
selected on the basis of (a) coefficients of relationship (siblings and nonlittermates); (b) Swisher 
erythrocyte group antigens A, C, and D; and (c) leukocyte group antigen compatibility. 
The erythrocyte antigens were detected with the typing sera and techniques  of Swisher 
(25). A battery of 12 lymphocytotoxic anfisera prepared by reciprocal exchanges of skin allo- 
grafts and subcutaneous  inoculations of blood leukocytes in 5 pairs of beagle littermates and in 
2 nonlittermates (24) was employed to identify 10 different leukocyte group antigens, including 
b, c, d, h, k, fro, gl, and e (antigens f and m, and g and 1 are joined to indicate that these anti- 
gens occur together in this dog colony). The technique of lymphocytotoxicity  employed was a 
modification of the method of Epstein, Storb, Ragde, and Thomas (26), with removal of erytho 
rocytes by sedimentation prior to nylon filtration for  the separation of lymphocytes from 
polymorphonuclear  leukocytes.  This technique  yielded a 90% lymphocyte population in the 
final cell suspension. 
Method of Grafting and Criteria  for the Determination of Allograft Rejection.--Each recipient 
underwent bilateral nephrectomy under general halothane anesthesia,  followed immediately 
by transplantation of a kidney obtained from the selected donor. All kidneys were perfused 
with 120 ml of phosphate-buffered  saline solution at room temperature, and 120 ml of the same 
solution at 4°C prior to transplantation. Mter perfusion, the kidneys were implanted into the 
iliac fossa of the recipients,  using standard surgical techniques  (27). The renal vessels were 
anastomosed  end-to-end to the common iliac vessels of the recipient, and the stump of the 
ureter was implanted into the urinary bladder through a submucosal channel (28). The average 
ischemia time of the transplanted kidneys was 40 min.  Complete  urinalyses and blood urea 
nitrogen (BUN) determinations were performed daily. Criteria of allograft rejection included: 
(a) cessation of urinary output; (b) marked BUN elevations (180 rag/100 ml or above) ; and 
(c) at least 2 days of anorexia, nausea, and vomiting. Dogs fulfilling these criteria were sacri- 
ficed, and the transplants were examined histologically to confirm the diagnosis of rejection. 
RESULTS 
The results of 70 renal allografts performed during this study are summarized 
in Table I. The first group of animals included 13 beagles grafted with leuko- 
cyte group-compatible transplants obtained from littermates; 12  of the trans- 
planted kidneys survived for 18  or more days, with two allografts continuing 
to function for 38  days; one allograft was rejected in  13  days (mean survival 
time: 28.6 days). The mean survival time (MST) of eight kidneys transplanted 
to littermates from leukocyte group-incompatible donors was  14.8  days, with 
a  span  of  11  to 20  days. The  next group  of animals tested included nine re- 
cipients of kidneys obtained from nonlittermate, leukocyte antigen-compatible 
donors.  Eight of the transplants survived for 20 or more days, with one allo- 884  tIISTOCOMPATIBILITY STUDIES  IN  CLOSELY  BRED  DOGS 
graft still functioning at 45 days; one allograft was rejected in 16 days (MST = 
28.3 days). In contrast, none of 19 transplants obtained from leukocyte group- 
incompatible  nonlittermate donors  survived for more  than  18  days,  with  a 
mean survival time of 12.4 days. The last group of animals included 21 trans- 
plants  performed in randomly selected outbred mongrel dogs. None of these 
allografts survived beyond 16 days; the MST was 9.5 days. 
TABLE  I 
Influence  of Leukocyte Group Compatibility upon  Kidney Allograft Survival in  Unmodified 
Canine Recipients 
Method of 
selection  of 
allograft donors 
and recipients 
Leukocyte 
group-com- 
patible litter- 
mates* 
Leukocyte 
group-incom- 
patible litter- 
mates* 
Leukocyte 
group-com- 
patible non- 
littermates* 
Leukocyte 
group-incom- 
patible non- 
littermates* 
Outbred mongrel 
dogs:~ 
ber of recipients rejecting kidney allografts on postoperative day 
1  1 
4[4 
1 
l  L 
r 
2 
1  1 
1  1  1 
1 
1 
1 
m~ 
~'; 
days 
28.6 
14.8 
28.3 
12.4 
9.5 
* Animals selected  from a closed colony  of inbred beagles. 
;t Randomly selected  outbred dogs. 
The leukocyte and erythrocyte group phenotypes of 22 recipients of leukocyte 
group-compatible  littermate  and  nonlittermate  transplants  are  listed  in  de- 
scending  order  of  histocompatibility  (as  gauged  by  renal  allograft  survival 
times)  in Table II. Nine of the transplants were performed across incompati- 
bilities for erythrocyte antigens A, C, or D; seven of these allografts survived 
for 31  or more days.  The blood group phenotypes observed in recipients of 
leukocyte  group-incompatible  littermate  and  nonlittermate  transplants  are 
listed in similar fashion in Table III. Comparison of the observed phenotypes 
with allograft survival again showed no direct evidence that erythrocyte group 
incompatibilities  had  an  adverse  effect upon  the  observed  results.  Possible RAPAPORT,  HANAOKA,  SHIMADA,  CANNON,  AND  FERREBEE  885 
effects of  such  incompatibilities  may,  however,  have  been  obscured  by  the 
leukocyte  antigen  inc0~/lpatibilities,  and  the  associated  decreases  in  renal 
allograft survival times. In general, there appeared to be a rough relationship 
between the number of donor-recipient leukocyte group incompatibilities and 
the duration of allograft survival. This relationship was not constant, however, 
TABLE II 
Relationship  between Leukocyte Antigen  Compatibility  and  Kidney  Allografl  Survival  in  a 
Closdy Bred Colony of Beagles. A. Transplants  Obtained from Compatible Donors 
Donor-recipient 
relationship 
Littermates 
Nonlittermates 
Erythrocyte antigens  ,~ ~  ,~  Leukocyte antigens detected in  detected in  .  .~ 
•  ~  ~ 
"~ =  °= ~  Recipient  Donor  ~  Recipient  Donor 
19-1,t  19-16  b, h, k, fm,* gl* 
18-81  18-80  gl 
19 17  19-2,5  b,e,h,k,  fm 
18-45  18-47  gl 
19-35  19-33  b, h, k, fro, gl 
19-25  19-17  b, e, h, k, fm 
18-85  18-84  gl 
18-56  18-57  b, h, k, fro, gl 
19-16  19-14  b, h, k, fro, gl 
19-09  19-07  b, e, h, k, fm 
18-84  18-85  gl 
18-80  18-81  gl 
19-07  19-0~  b, e, h, k, fm 
18-58  18-46  b, h, k, fm, gl 
19-15  19-26  b. h, k, fin 
19-29  19-2C  b, h, k, fm, gl 
18-42  18-32  b, h, k, fro, gl 
19-20  19-29  b, h, k, fin, g] 
19-26  19-15  b, h, k, fm 
18-32  18-42  b, h, k, fro, gl 
18-21  18-28  e, gl 
19-23  19-38  b, e. h, k, fro, gl 
b, h, k, fm, gl  C 
gl  A 
b, e, h,k, fm  A, 
gl  A, 
gl  D 
b, e, h,k, fm  A 
gl  C 
b, h, k, fm, gl  A 
b, h, k, fm, gl  A, C 
b, e, h, k, fm  C 
gl  C 
gl  A, C 
b, e, h, k, fm  C 
b, h, k, fm, gl  A 
b, h, k, fm  C 
b, h, k, fro, gl  None 
b, h, k, fm, gl  A,C 
b, h, k, fm, gl  A, C 
b,h, k, fm  A,C 
b, h, k, fm, gl  C 
e, gl  A,C 
b, e, h, k, fm, gl  A, C 
i 
days 
AL C  38 
A, C~  38 
C  A  38 
C, D  A, C  34 
AJ;, C~, D  34 
A, C$  34 
C  32 
A  28 
C  27 
C  21 
C  20 
A  18 
C  13 
A, C$  45 
A~, C  37 
A~, CJ;  31 
C  28 
None  28 
C  27 
A~, C  23 
C  2O 
A, D~  16 
Mean survival time  25.5 
* fm and gl are so written to indicate that these antigens occur together in the colony of beagles under study. 
:~ Presence in the donor of an erythrocyte antigen (Swisher) absent in the recipient. 
and some of the results, and in particular, incompatibilities of gl did not appear 
to follow this trend. 
34 of the 70 transplants reported in this study were performed as exchanges 
within 17 pairs of littermate and nonlittermate beagles. As noted in Table IV, 
16 allografts were exchanged in eight pairs of dogs (five littermate and three 
nonlittermate  pairs)  with  no  detectable  leukocyte antigen  incompatibilities. 
In six of the eight pairs,  the survival time of one of the two transplants  ex- 
ceeded that of the other by 5 or more days, reaching a maximum of 20 days in 
one instance.  The differences in survival time noted in nine pairs  of beagles 886  HISTOCOMPATIBILITY  STUDIES  IN  CLOSELY  BRED  DOGS 
with known leukocyte group incompatibilities were less pronounced, with only 
one pair differing by 5 days, and none of the other pairs differing by more than 
2 or 3 days. In 15 instances, transplants were performed with kidneys obtained 
from donors which were only incompatible with the recipients for one detectable 
TABLE  III 
Relationship between Leukocyte Antigen  Compatibility and  Kidney  Allograft Survival in  a 
Closely Bred Colony of Beagles. B. Transplants Obtained from Incompatible Donors 
Donor- 
recipient  ~ 
relationship  .~  '  ~ 
~  ~ 
ittermates 
"onlitter- 
mates 
19-00  18-99 
18-31  18-30 
19-46  19-45 
18-29  18-26 
19-13  19-10 
19-43  19-46 
19-03  19-04 
19-04  19-03 
19-3C 
19-38 
19-11 
19-44 
18-37 
19-32 
18-38 
19-12 
16-72 
19-37 
19-39 
16-45 
19-27 
18-27 
19-05 
18-53 
19-50 
18-25 
19-36 
Leukocyte antigens detected in 
Recipient 
b, h, k, fm, gl 
b, e, h, k, fm 
b, c, d, h, k, fm 
b, e, j, k, gl 
b, h, k, fm 
gl 
b, c, h, k, fm 
e, gl 
19-44  b, e, k, gl 
19-23  b, h, k, fm, gl 
19-06  b, h, k, fm 
19-30  b, c, k, gl 
18-27  h, k, fro, gl 
19-36  b,e,h,k,  fm 
18-25  b, k, gl 
18-33  b, h, k, fm 
16-43  b, e, j, gl 
19-34  gl 
18-60  gl 
16-72  b,h,j,k,  fm, gl 
19-05  b,e,h,k,  fm 
18-37  e, h, k, fm 
19-27  b, e, k, gl 
19-12 
19-821  glgl 
18-38  b, h, k, fm 
19-32  gl 
Donor  Recip-  Do- 
lent  nor 
b, c, h,k, fm 
b, e, h, k, gl 
gl 
h, k, fro, gl 
b, h, k, fro, gl 
b,  c, d, h, k, fm 
e, gl 
b, c, h,k, fm 
b, c, k, gl 
b, e, h, k, fro, gl 
b, e, h, k, fm 
b, e, k. gl 
e, h, k, fm 
gl 
b, h, k, fm 
gl 
b, h, j, k, fro, gl 
b, h, k, fro, gl 
b, ¢, h, k, fm 
b, e, j, gl 
b, e, k, gl 
h, k, fro, gl 
b,e,h,k,  fm 
b, h, k, fin 
b, h, k, fro, gl 
I b,k, gl 
b,e,h,k, fm 
Erythrocyte 
antigens  b 
g9  detected in  Leukocyte ~'~=~  .= ~ ~' 
antigen  o  ~ ¢~ 
incompatibility  .~.~ ~  ~ 
~' 
A  A,C 
A,C  A,C 
A,C  A,C 
A,C  A,C 
None  C 
A,C  A,C 
C  C 
C  C 
None  A, C 
A, D  A, C 
C  C 
A, C  None 
None  A, C 
C  None 
None  A, C 
A  A,C 
A,C  C 
A,D  A,C 
A,D  A,C 
A.C  C 
C  C 
A, C  None 
C  C 
A,C  A 
A  A,C 
A, C  None 
None  C 
day: 
c  C  20 
gl  --  18 
gl  --  15 
h, fm  --  15 
gl  C  14 
b, e, d,h,k,  fm  --  13 
e, gl  --  12 
b, c, h, k, fm  --  I1 
c  A, C  18 
e  C  16 
e  --  15 
e  --  13 
e  A, C  13 
gl  --  13 
h, fm  A, C  13 
gl  C  12 
b, k, fm  A  12 
b, h, k, fm  C  12 
b, e, h, k, fin  C  12 
e  --  11 
g]  --  II 
g]  --  11 
h, fm  --  11 
b, h, k, fm  --  i1 
b, h, k, fm  C  11 
gl  --  10 
b, e, h, k, fm  C  10 
Mean survival time  13.1 
leukocyte  antigen  or  pair  of  associated  antigens.  As  noted  in  Table  V, 
donors and recipients were incompatible for antigen c  in two instances; the 
transplant survival times were 20 and 18 days, respectively. Five donors and 
recipients were incompatible for antigen e, with renal allograft survivals of 16, 
15,  13,  13,  and 11  days, respectively. The survival times of 8 kidneys trans- 
planted across a gl incompatibility were 18, 15, and 14 days in littermates, and 
13, 12, 11, 11, and 10 days in nonlittermates. TABLE  IV 
Results of Kidney Allograft Exchanges between Sibling  and Nordittermate Pairs of Beagles 
Pair 
num- 
ber 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Recipient's 
leukoctype 
group 
phenotype 
b, h, k, fm, gl 
b, h, k, fm, gl 
gl 
gl 
b, e, h, k, fm 
b, e, h, k, fm 
gl 
gl 
b, e,h,k, fm 
b, e, h, k, fm 
b, h, k, fm 
b, h, k, fm 
b, h, k, fin, gl 
b, h, k, fro, gl 
b, h, k, fro, gl 
b, h, k, fro, gl 
b,c,d,h,k, fm 
gl 
Donor's 
leukocyte 
group 
phenotype 
b, h, k, fro, gl 
b, h, k, fm, gl 
gl 
gl 
b,  e,  h,  k,  fm 
b, e, h, k, fm 
gl 
gl 
b, e, h, k, fm 
b, e, h, k. fm 
b, h, k, fm 
b, h, k, fm 
b,  h,  k,  fm, gl 
b, h, k, fro. gl 
b, h, k, fro, gl 
b, h, k, fm, gl 
gl 
b,c,d,h,k,fm 
b, c, h, k, fm 
e, gl  b, e, 
b, e. k, gl  b, c, 
b, e. k, gl  b,e, 
b, k, fm, gl  e, h, 
e, h, k, fm  h, k, 
b,e,h,k,  fm 
gl  b, e, 
b, k, g|  b, h, 
b, h, k. fm  b,k, 
b, h, k, fm 
gl  b, h, 
b, e, j, gl 
b,h, j,k, fm, gl 
b,e,h,k,  fm 
b, e, k, gl 
e, gl 
h, k, fm 
k, gl 
k, gl 
k,  fm 
fro, gl 
gl 
h, k, fm 
k, fm 
gl 
gl 
k, fm 
b,h,j, k, fm, gl 
b, e, j, gl 
b, e, k, g] 
b, e, h, k, fm 
Resulting 
leukocyte 
group 
incompatibility 
gl 
b, c,d, h,k fm 
e, gl 
b, c, h, k, fm 
c 
e 
e 
gl 
gl 
b, e, h, k, fm 
h, fm 
gl 
gl 
b, h, k, fm 
b, k, fm 
e 
gl 
h, fm 
)etec 
table  Sur. 
:ryth  viv* 
'ocyt  of 
,~rout  rena 
acom  allo 
patl-  ;raft 
bilit3 
day; 
A  38 
27 
C  38 
--  18 
--  35 
C  34 
--  32 
--  20 
--  21 
--  13 
A  37 
--  27 
g,, C  31 
--  28 
--  28 
A  23 
--  15 
--  13 
--  12 
--  II 
A. (  18 
--  13 
A, C  13 
--  11 
--  13 
C  10 
A, C  13 
--  10 
C  12 
--  11 
A  12 
--  11 
--  11 
11 
o 
11 
20 
1 
12 
8 
10 
3 
5 
2 
1 
5 
2 
3 
3 
i 
1 
o 
* LM, littermates. 
$ Non-LM, noulitterrnates. 
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Sex differences did  not  appear  to  play  a  prominent  role  in  the  observed 
results.  Three renal  allografts  transplanted  from male  donors  to  female  re- 
cipients in  the  absence  of detectable leukocyte group  incompatibilities were 
rejected  at  20,  34,  and  34  days,  respectively (dogs  18-28  and  18-21,  19-17 
and 19-25 and 19-33 and 19-35 in Table II). Three female-to-male transplants 
TABLE  V 
Influence  of Donor-Recipient  Incompatibilities for One Detectable  Leukocyte  Group  Antigen  or 
Pair of Associated Antigens upon Kidney Allografl Survival 
Detec- 
table  Renal 
Recip-  leuko-  allo- 
lent  Donor  Genetic  Recipient leukocyte  Donor leukocyte  cyte  graft 
hum-  number  status  group pheuotype  group phenotype  group  survival 
bar  incom-  time 
pati- 
bility 
19-00  18-99  LM*  b, h, k, fm, gl  b, c, h, k, fm 
19-30  19-44  Non-LMJ;  b, e, k, gl  b, c, k, gl 
19-38  19-23  Non-LM  b, h, k, fro, gl  b, e, h, k, fin, gl 
19-11  19-06  "  b, h, k, fm  b, e, h, k, fm 
19-44  19-30  "  b, c, k, gl  b, e, k, gl 
18-37  18-27  "  h, k, fm, gl  e, h, k, fm 
16-45  16-72  "  b, h, j, k, fro, gl  b, e, j, gl 
days 
C  20 
C  18 
e  16 
e  15 
e  13 
e  13 
e  11 
18-31  18-30  LM  b, e, h, k, fm  b, e, h, k, gl  gI  18 
19-46  19-45  "  b, c, d, h, k, fm  gl  gl  15 
19-13  19-10  "  b, h, k, fm  b, h, k, fro, gl  gl  14 
19-32  19-36  Non-LM  b, e, h, k, fm  gl  gl  13 
19-12  18-53  "  b, h, k, fm  gl  gl  12 
19-27  19-05  "  b, e, h, k, fm  b, e, k, gl  gl  11 
18-27  18-37  "  e, h, k, fm  b, k, fm, gl  g|  11 
18-25  18-38  "  b, h, k, fm  b, k, gl  gl  10 
* L1VI, littermates. 
:~ Non-LM,  nonlittermates. 
done under similar conditions survived for 35,  45,  and 28  days,  respectively 
(dogs 19-25 and 19-17,  18-46 and 18-55 and 18-57 and 18-56, in Table II). 
DISCUSSION 
Interest in host responses to bone marrow transplants stimulated the estab- 
lishment, some years ago, of a closely bred colony of beagles (29). Occasional 
lone-term survivals of some marrow transplants indicated that varying degrees 
of histocompatibility might be present between some of the members of this 
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donor-recipient  coefficients of relationship or by matching erythrocyte antigens 
were not successful (23). More recently,  however, Epstein, Storb,  Ragde, and 
Thomas (26) demonstrated that cross-immunization of canine littermates with 
buffy coat cells stimulated the formation of leukocyte group-specific antisera, 
and that the use  of such  antisera for the selection  of donors  and recipients 
resulted  in prolonged  bone marrow graft survivals  in littermates (26) and in 
unrelated dogs (30). In an extension of this method, Mollen, St. John, Cannon, 
and  Ferrebee  (24) developed  a  battery of  antisera capable  of  detecting  10 
leukocyte antigen specificities  in  their  closely  bred  colony  of  beagles, and 
reported  that  skin  allografts  performed  across  detectable  leukocyte group 
incompatibilities  were rejected more rapidly (MST  =  13.7 days) than trans- 
plants obtained from compatible donors (MST =  25.1 days). Ferrebee, Cannon, 
Mollen, and St. John (23) have indicated recently that such typing sera may 
also be of value in the selection of donor-recipient  combinations  for the trans- 
plantation of other organs. 
The results  of the present study indicate that the leukocyte group antigens 
currently detectable by Mollen, St. John, Cannon, and Ferrebee's  (24) battery 
of typing antisera play an important role in conditioning  the survival time of 
renal allografts in the closely bred colony of beagles under study. As has been 
noted  previously for  bone  marrow  (29) and  skin  transplants  (24), donor- 
recipient  coefficients of correlation  or erythrocyte group compatibility do not 
appear  to  play  a  decisive  role  as  determinants of  renal  allograft survival. 
Performance of kidney transplants across detectable leukocyte group  incom- 
patibilities caused  as  sharp  a  decrease  in  allograft survival time in siblings 
(littermates) as in nonlittermates. Conversely, renal transplants performed  in 
the absence of such incompatibilities  were accorded comparable prolongations 
in survival times in the littermate and nonlittermate groups.  The results  of 
transplantation in the  closely bred  colony  of beagles  in the face  of known 
incompatibilities  were  better,  however,  than  those  observed  in  randomly 
selected mongrel dogs. These observations,  taken together with evidence that 
the leukocyte antigens detected by Ferrebee,  Cannon, Mollen,  and St.  John 
(23) behave as Mendelian autosomal dominants, suggest that the same general 
rules of histocompatibility encountered in the murine H-2 system (31) and in 
the human HL-A system (32) may be  operative  in the canine  species. It is 
anticipated that further genetic  and serologic studies of the canine leukocyte 
antigens  will result in the identification  of additional antigenic  specificities, 
and in a further definition  of what may constitute the main system of histo- 
compatibility in dogs, for which the term DL-A is proposed. 
It is of interest that, under present experimental conditions, incompatibilities 
for the Swisher erythrocyte antigens A, C, and/or D  did not appear  to have 
an adverse effect upon renal allograft survival. This observation  is in harmony 
with similar results  of Altman (33) in mongrel  dogs, and with the studies  of 890  tIISTOCOMPATYBILITY STUDIES  IN  CLOSELY  BRED  DOGS 
Rubenstein,  Morgado,  Blmnenstock,  and  Ferrebee  (34)  with  regard  to  skin 
allograft survival in the same colony of beagles. 
The transplants  exchanged within  six  pairs  of littermate beagles  with  no 
detectable donor-recipient leukocyte group incompatibilities may be deserving 
of further comment. The pronounced differences in survival noted between the 
individual  members  of  some  of these pairs  would  appear  to  suggest  that  a 
significant number of antigenic specificities capable of conditioning allograft 
survival may as yet not have been detected. Almost identical and prolonged 
allograft survivals of 35  and 34 days, respectively, only occurred in one pair 
of animals (No. 19-17 and 19-25). These results are in keeping with the obser- 
vation that siblings may be either very good, or potentially unfavorable allo- 
graft  donors,  depending  upon  their inherited  parental  haplotypes  (13).  Dif- 
ferences in  survival time of transplants  exchanged within pairs  of leukocyte 
group-incompatible transplants were not as marked as those noted in the first 
group. It is possible that, in the latter situation, the already identified incom- 
patibilities may have obscured the effects of as yet undetected donor-recipient 
differences. It is of interest, however, that the most pronounced difference in 
survival time occurred in a donor-recipient pair (No. 19-30 and 19-44)  incom- 
patible for antigen c in one direction and antigen e in the other direction. The 
kidney bearing  antigen c  was  rejected in  18 days,  while the kidney bearing 
antigen e survived for only 13 days. In this regard, Mollen, St. John, Cannon, 
and  Ferrebee  (24)  have  reported  that  donor-recipient  incompatibilities  for 
antigens b,  c,  j,  and k  did not cause a  decrease in  the survival time of skin 
allografts in  this beagle colony--i.e., they might  be  "weak"  transplantation 
antigens.  Renal transplants  incompatible for antigen  c were accorded longer 
survival times  (20 and  18 days)  than transplants  incompatible for antigen e 
(MST =  13.6 days) or gl (MST =  13.0 days). It would therefore appear that 
antigen c may also not be as potent in renal transplantation as e or gl. 
As was noted in Table V,  the survival of gl-incompatible renal transplants 
ranged from 18 to 10 days. This result would appear to further highlight the 
need  for  a  definition  of  additional  as  yet  undetected  antigenic  specificities 
present in the colony of beagles under study. It also supports the concept that 
any interpretation of the individual "potency" of a leukocyte antigen may be 
as much a function of its immunogenicity as it is dependent upon the antigenic 
makeup of the recipient. Indeed, gl might have acted as a  "strong" antigen in 
recipient 18-25,  resulting in a short renal allograft survival of 10 days, and as 
a  "weak" antigen in recipient 18-31,  whose transplant  survived for 18 days. 
In the first instance, there were probably no antigens similar to or cross-reacting 
with gl in the nonlittermate kidney transplant recipient, while the presence of 
such  antigens  in  the  second animal,  which  received a  renal  allograft from a 
littermate, might have attenuated the effects of the gl incompatibility in that 
case. A similar situation has recently also been documented in human subjects RAPAPORT,  HANAOKA,  SHIM~ADA, CANNON~ AND  ~FERREBEE  891 
with regard to antigens HL-A 2 and Da 15 of the HL-A system (35). Ferrebee, 
Cannon, Mollen, and St. John (23)  are currently attempting to classify their 
closely bred colony of beagles into several substrains on the basis of patterns 
of inheritance  of the leukocyte group  antigens.  This  approach  may provide 
further insight into the immunogenetics of what may be the principal  system 
of canine histocompatibility, and will be of value in the definition of as yet 
unknown leukocyte antigenic specificities in this population. In the meantime, 
however, the availability of carefully characterized canine donors and recipients 
has provided a valuable new approach to further studies of organ transplant 
responses in unmodified recipients. 
Further progress in the development of this population of beagles may be 
particularly useful in  the  assessment  of the  comparative immunogenicity of 
the major transplantable organs, and for experimental studies of the facilitation 
of organ transplant survival in the mammalian host. 
SUMMARY 
The establishment of a closely bred colony of beagles with known leukocyte 
group phenotypes has permitted an assessment of the role of leukocyte group 
antigens in conditioning the survival of renal allografts in the unmodified host. 
22 kidney transplants obtained from leukocyte group-compatible donors were 
accorded a mean survival time of 25.5  days, as compared with 13.1  days for 
27 transplants obtained from incompatible donors. Donor-recipient coefficients 
of correlation and Swisher erythrocyte group incompatibilities did not appear 
to affect the observed results. The mean survival time of 21  renal allografts 
performed in randomly selected mongrel dogs was 9.5 days. 
Availability of a carefully characterized and phenotyped canine population 
may be useful in further studies  of the  comparative immunogenicity of the 
major transplantable  organs,  and of methods designed to facilitate prolonged 
organ transplant survival in the mammalian host. 
The authors wish to acknowledge the excellence of the technical assistance of Mssrs. Arthur 
Miller, Juan Grullon, and Arturo Quel. 
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